Most of the Hepaticae (ϭliverworts) possess characteristic cellular oil bodies which are mainly composed of lipophilic terpenoids and aromatic compounds. We are searching for new biologically active natural products from the rich liverwort flora in Japan and southern hemisphere as lead compounds for pharmaceutical or agricultural drugs. Recently we found that some liverworts produced sesqui-and diterpenoids and cyclic bis-bibenzyls possessing antimicrobial, antifungal, 5-lipoxygenase, cyclooxygenase inhibitor, neurotrophic, muscle relaxing or fish-killing activity.
The genus Jungermannia L. belonging to the Jungermanniaceae (Jungermanniales) produces various types of sesquiand diterpenoids. 4) Jungermannia species are not only morphologically but also chemically interesting since the same species of certain Jungermannia collected from geographically different places occasionally display different chemical components. We have studied the chemical constituents of J. truncata NEES collected in Kochi prefecture to isolate five new ent-kaurane-type diterpenoids (1-5) and a new gymnomitrane (ϭbarbatane)-type sesquiterpenoid (6) , along with twelve known ent-kaurane-type diterpenoids (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) . Here we report the structure determination of the new terpenoids and their cytotoxic and apoptosis-inducing activity.
A combination of column chromatography and prep. HPLC of the ether extract of J. truncata resulted in the isolation of five new ent-kaurane-type diterpenoids (1-5) and a new gymnomitrane-type sesquiterpenoid 6 together with twelve ent-kaurane-type diterpenoids, ent-11a-hydroxy-16-kaurene (7), 5) ent-15a-hydroxy-16-kaurene (8), 6) ent11a,15a-dihydroxy-16-kaurene (9), 7) ent-16-kauren-15-one (10), 6) ent-11a-hydroxy-16-kauren-15-one (11), 7) ent-3a-hydorxy-16-kauren-15-one (12), 8) ent-14a-hydroxy-16-kauren-15-one (13), 9) rostronol F (14), 10) (16R)-ent-kauran-15-one (15), 6) (16R)-ent-7b-hydroxykauran-15-one (16), 8) (16R)-ent11a-hydroxykauran-15-one (17) , 7) and 16,17-dihydrorostronol F (18) . 10) Additionally, a small amount of the crude extract was analyzed by gas chromatography-mass spectrometry (GC-MS) to detect the presence of five terpene hydrocarbons, a-pinene, b-sabinene, b-himachalene, b-barbatene and 16-kaurene. The known compounds were identified by comparison of their spectral data with authentic samples, reference data and/or X-ray crystallographic analysis. (Table 1) showed the presence of three tertiary methyls and a methylene proton (d 3.01, 3.14 each d) bearing an oxygen atom. The 13 C-NMR spectrum (Table 2) displayed twenty carbon signals including a ketone carbon (d 218.5) and a quaternary carbon (d 63.3) bearing an oxygen atom. Since the IR spectrum showed no hydroxyl absorption band, compound 1 was suggested to have an epoxy group. These spectral data suggested that this compound was a tetracyclic compound with an epoxide. The 1 H-1 H correlated spectroscopy (COSY) spectrum confirmed the presence of four partial structures, (i) -CH 2 (17)-, (ii) -CH(9)-CH 2 (11)-CH 2 (12)-CH(13)-CH 2 (14)-, (iii) -CH 2 (1)-CH 2 (2)-CH 2 (3)-, and (iv) -CH 2 (7)-CH 2 (6)-CH(5)-. The connectivity of each partial structure was clarified by the heteronuclear multiple quantum coherence (HMQC) and the heteronuclear multiple bond correlation (HMBC) spectra as shown in Fig. 1 . Accordingly, the structure of 1 was suggested to be kaurane-type diterpenoid with the epoxide at C-16,17. The stereochemistry of 1 was confirmed by the nuclear Overhauser and exchange spectroscopy (NOESY) as shown in Fig. 2 . However, the stereochemistry of the epoxide remained to be clarified. The absolute configuration of 1 except the epoxide has been supported by the negative Cotton effect (320 nm) 11 ) of 1 and co-existence of the same ent-kaurene diterpenoids 8-18 in the present liverwort. Thus, the structure of 1 was established as ent-16,17-epoxykauran-15-one.
The EI-MS of 2 showed m/z 304 [M] ϩ and its molecular ). The 1 H-NMR spectrum (Table 1 ) of 2 was similar to that of ent-15a-hydroxy-16-kaurene (7), 5) except for the presence of another methine proton bearing a hydroxyl group, suggesting that compound 2 is an ent-kaurane-type diterpenoid. Acetylation of 2 gave diacetate 19 (d H 2.06, 2.18 each s) indicating the presence of two hydroxyl groups. The 13 C-NMR (Table 2 ) and distortionless enhancement by polarization transfer (DEPT) spectra of 2 showed the presence of an exo-methylene, two methines bearing the hydroxyl groups, together with three methyls, seven methylenes, three methines and three quaternary carbons, respectively. The detailed analysis of Thus, the stereochemistry of both hydroxyl groups at C-14 and C-15 possesses b-orientation. The absolute configuration was believed to be the same as those of compounds 8-18. Consequently, the structure of 2 was believed to be ent14a,15a-dihydroxy-16-kaurene.
The IR spectrum of 3 showed the presence of a hydroxyl (3420 cm
Ϫ1
) and a carbonyl group (1730 cm Ϫ1 ). The 1 H-NMR spectrum (Table 1) It has been known that the Cotton effect of (16R)-ent-kauran-15-one (15), which is similar to compound 5, showed a negative Cotton effect (314 nm). 11) Thus, the structure of 5 was established as (16R)-ent-3a-hydroxykauran-15-one.
The molecular formula of 6 was confirmed as C 15 Fig. 5 , indicating that the structure of 6 might be gymnomitrane (ϭbarbatane)-type sesquiterpenoid with an epoxy ring. This plane structure was the same as compound 20 which was reported as a reaction product.
12) However, the 1 H-NMR spectrum of 6 could not be compared with that of 20 because of the different solvents used for measurement of each NMR spectrum. The stereochemistry was clarified by the NOESY which showed NOEs, (i) H-12 and H-1b, H-2, H-10b, H-13, (ii) H-13 and H-1b, H-8b, H-12, H-14, (iii) H-14 and H-1b, H-5b, H-13, and (iv) H-4a and H-8a, H-10a, respectively. However, the stereochemistry of the epoxy ring remained to be clarified even by the NOESY. Thus, the structure of 6 was elucidated as 3 (15)-epoxygymnomitrane.
The kaurane-type diterpenoids of J. truncata collected in Tokushima, Japan and Malaysia have already been reported by our group 13) and Buchanan et al., respectively.
14) The present species collected in Kochi, Japan also produced ent-kaurane-type diterpenoids as the major components. Thus, we reconfirmed that J. truncata is one of the rich sources of entkaurane-type diterpenoid in Jungermannia species, and there is no chemical difference between the same species collected in different locations.
Some highly oxygenated kaurane-type diterpenoids have been known to possess strong bitterness and antitumor activity. [15] [16] [17] The cytotoxic activity in human leukemia cell lines (HL-60 cells) was examined for compounds 9, 11 and 16-18 by colorimetric 2-(2-methoxy-4-nitrophenyl)-3-(4-nitrophenyl)-5-(2,4-disufophenyl)-2H-tetrazolium monosodium salt (WST-8) assay. IC 50 value of compound 11 was estimated to be 0.82 mM. However, compounds 9 and 16-18 without an enone system in the molecule did not show cytotoxicity even at 10 mM (data not shown). It is suggested that the presence of an enone system may play an important role in the cytotoxicity of 11. Since apoptosis-inducing compounds are potential candidates as antitumor agents, the induction of apoptosis by compound 11 in HL-60 cells was tested. Apoptotic cells have several typical features such as DNA fragmentation into nucleosomal fragments, accumulation of cells with sub-G1 DNA content and appearance of nuclear condensation. 18, 19) Compound 11 induced DNA fragmentation in a dose-dependent manner as shown in Fig. 6A . Moreover, DNA fragmentation appeared 6 h after treatment, and the most marked induction was observed at 12 h (data not shown). Accumulation of cells with sub-G1 DNA content was also observed 12 h after compound 11 treatment (Fig.  6B ). In addition, nuclear condensations were observed in compound 11-treated HL-60 cells (Fig. 7) . These results suggested that compound 11 is a potent inducer of apoptosis in these cells. This is the first report of the ability of compound 11 to induce apoptosis in HL-60 cells. Although further a) Coupling constants (J in Hz) are given in parentheses. structure-activity relationship studies will be necessary, an ent-kaurane-type diterpenoid, such as compound 11, might be a leading product of an antitumor agent.
Experimental
Optical rotations were measured on a JASCO DIP-1000 polarimeter with CHCl 3 . IR spectra were recorded on a JASCO FT/IR-5300 infrared spectrophotometer. 02 (2H, m, H-3, H-6a), 1.19 (1H, br d like,  H-14b), 1.22-1.29 (3H, m, H-2, H-3, H-7a), 1.36 (1H, br d like, H-6b 
